Abstract.-W e have observed a magnetic f i e l d dependent r e l a x a t i o n time i n p-InSb a t low temperatures (slOK) where the e l e c t r i c a l conduction i s by f r e e holes i n the valence band. The r e l a x a t i o n peak i s o n l y observed i n nondegenerate specimens f o r those a c o u s t i c modes which are p i e z o e l e c t r i c a l l y a c t i v e . The r e s u l t s are compared w i t h the acousto-electric theory o f Hutson and White and found t o be i n s u b s t a n t i a l agreement.
There have been many recent i n v e s t i g a t i o n s o f u l t r a s o n i c absorption by shallow and deep i m p u r i t y centers i n semiconductors a t low temperatures, i n which e f f e c t s c h a r a c t e r i c t i c o f both resonance and r e l a x a t i o n regimes due t o absorption by impuri t y centers have been observed [I)
. Our p r e l i m i n a r y r e s u l t s on p-InSb were a l s o i n t e r p r e t e d i n t h i s way (2) . However more recent data on the p o l a r i s a t i o n dependence o f the attenuation, taken together w i t h the strong c o r r e l a t i o n between r e s i s ti v i t y and a t t e n u a t i o n r e s u l t s p o i n t s t o the p i e z o e l e c t r i c i n t e r a c t i o n between the u l t r a s o n i c wave and f r e e holes i n the valence band as being a t t h e o r i g i n o f the observed r e l a x a t i o n peaks. It appears t h a t t h i s i n t e r a c t i o n i s responsible f o r the magnetic f i e l d dependent a t t e n u a t i o n i n both the f r e e and bound c a r r i e r regimes, b u t only the former case w i l l be t r e a t e d i n t h i s c o m u n i c a t i o n .
Specimens o f p-InSb doped w i t h Germanium w i t h excess concentrations o f 10'" 2-10'5 and 8.1016 have been studied i n the present work. The r e s i s t i v i t y measurements were made by t h e conventional 4 probe method i n p a r a l l e l magnetic f i e l d s . The u l t r a s o n i c measurements were made using standard techniques w i t h a Matec system and l i t h i u m niobate transducers grease bonded onto the specimen s u r f -c e s . A l l measurements were made i n a double calorimeter w i t h He exchange gas and a lakeshare c a p a c i t i v e diode i n the bore o f an 8T superconducting solenoid.
Yost o f t h e u l t r a s o n i c work was done i n perpendicular magnetic f i e l d s as the e f f e c t s were r a t h e r l a r g e r than i n p a r a l l e l f i e l d . S i m i l a r measurements were made on t h e r e s i s t i v i t y i n t h i s temperature and f i e l d range and these r e s u l t s are shown i n f i g . 4 . A t the h i g h e r temperatures (T > 7K) we a r e able t o i d e n t i f y the E X conduction regime due t o f r e e holes i n the valence band.
The slope o f t h e curves i n f i g . 4 gives a i o n i s a t i o n energy E, a 10 meV. At lower temperatures ( T < 6K) a f t e r a possible t r a n s i t i o n through an (2) . We p l a n t o t e s t t h e l a t t e r b y l o o k i n g f o r a resonance regime a t h i g h e r f r e q u e n c i e s and lower temperatures; p r e l i m i n a r y r e s u l t s a t 700 MHz down t o 1.3K have been n e g a t i v e on t h i s p o i n t . Secondly we hope t o make a q u a n t i t a t i v e t e s t o f t h e p r e s e n t f r e e c a r r i e r a b s o r p t i o n model by p a r a l l e l f i e l d a t t e n u a t i o n and H a l l e f f e c t measurements; i n t h i s case t h e r e would be no f r e e parameters i n t h e t h e o r e t i c a l expressions g i v e n above.
t h a t t h e r e l a x a t i o n time obtained from the usual r e l a x a t i o n formula and t h e peak p o s i t i o n has a form s i m i l a r t o t h a t o f the r e s i s t i v i t y w i t h approximately the same a c t i v a t i o n energy A % 10 meV. This i n d i c a t e s a very close c o r r e l a t i o n between the r e s i s t i v i t y and a t t e n u a t i o n mechanisms.

Besides the magnetic f i e l d dependence, important i n f o r m a t i o n i s provided by the p o l a r i s a t i o n dependence o f the a t t e n u a t i o n peak. I t i s found t h a t there i s o n l y a r e l a x a t i o n peak f o r those modes which are p i e z o e l e c t r i c a l l y a c t i v e , t h a t i s l o n g it u d i n a l waves along (111) and transverse waves along (1 10) w i t h (001) p o l a r i s a t i o n .
As the peak i s always found i n t h e c o n d u c t i v i t y regime, t h i s s t r o n g l y suggests t h a t the observed e f f e c t s are due t o the p i e z o e l e c t r i c i n t e r a c t i o n between the u l t r a s o n i c waves and f r e e holes i n the valence band. This i n t e r a c t i o n has been studied i n g r e a t d e t a i l i n the acousto-electric e f f e c t , and i n f a c t i n i t s simplest form the theory p r e d i c t s r e l a x a t i o n and dispersive e f f e c t s s i m i l a r t o those observed here, p r i n c i p a l l y due t o the d i e l e c t r i c r e l a x a t i o n frequency w c -u / e ( a = e l e c t r i c a l c o n d u c t i v i t y and E = d i e l e c t r i c constant) associated w i t h the
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We a r e thus l e d t o a s s o c i a t e wc w i t h 1 /~ o f f i g . 4 . However as n o t e d p r e v i o u s l y (2) w h i l e t h e a c t i v a t i o n energies f o r T and p observed e x p e r i m e n t a l l y a r e i n reasonable agreement, t h e f i e l d dependent p r e f a c t o r s a r e n o t . A d e t a i l e d a n a l y s i s o f t h i s p o i n t i s underway b u t i t appears t h a t one o r b o t h o f two c o r r e c t i o n f a c t o r s must be consi-
dered. F i r s t l y as s t r e s s e d by s e v e r a l workers (5) , cr = l / p o n l y f o r magnetic f i e l d s p a r a l l e l t o t h e c u r r e n t d i r e c t i o n which means t h a t t h e a t t e n u a t i o n d a t a must be o b t a i n e d f o r p a r a l l e l f i e l d s b e f o r e an e x a c t comparison w i t h t h e simple t h e o r y can be made. Secondly t h e l a t t e r should be m o d i f i e d t o take i n t o account c a r r i e r "debunching" e f f e c t s due t o t h e i r thermal d i f f u s i o n , c h a r a c t e r
D e t a i l e d comparison w i t h t h i s more s o p h i s t i c a t e d t r e a t m e n t must a w a i t t h e experimenta l d e t e r m i n a t i o n o f t h e p a r a l l e l f i e l d a t t e n u a t i o n and t h e H a l l e f f e c t under i d e n t i ca l c o n d i t i o n s . However a p r e l i m i n a r y c a l c u l a t i o n u s i n g reasonable v a l u e s f o r t h e m o b i l i t y shows t h a t t h e q u a l i t a t i v e v a r i a t i o n o f u as a f u n c t i o n o f
I n c o n c l u s i o n a v a i l a b l e d a t a on t h e u l t r a s o n i c a t t e n u a t i o n i n p-InSb a t l o w tempera t u r e s suggests a r e l a x a t i o n process due t o p i e z o e l e c t r i c i n t e r a c t i o n w i t h t h e f r e e c a r r i e r s . Such an e f f e c t has n o t been observed b e f o r e a t low temperatures t o our knowledge; t h e p a r t i c u l a r i t y o f t h i s case as compared t o t h e usual room temperature regime (4) i s t h a t t h e c a r r i e r d e n s i t y i s e x t r e m e l y small, %10" cm-3 f o r T a l O K .
I f we o b t a i n a q u a n t i t a t i v e v e r i f i c a t i o n o f t h e model as o u t l i n e d above we hope t o a p p l y t h e method t o t h e d e t e r m i n a t i o n o f t h e e l e c t r o n i c parameters o f semiconductors,
as w e l l as t o i n v e s t i g a t e t h e phenomenon i n o t h e r p i e z o e l e c t r i c semiconductors.
